Aim: To evaluate the influence of ovariectomy combined with lack of masticatory force in the evolution of periodontal disease induced in rats. Methods: Forty rats were bilaterally ovariectomized and 40 were submitted to sham ovariectomy. Periodontal disease was induced in the mandibular left first molar and the maxillary left first molar was extracted from half of the rats. The rats were randomly euthanized at 3, 7, 14 and 30 days post periodontal disease induction. Serial sections were obtained from the furcation area and stained for histological and histomorphometric analysis. The results of the histomorphometric analysis were statistically analyzed by ANOVA and Tukey tests. Results: The results demonstrated statistically significant differences in the percentage of bone tissue when the variables presence or absence of estrogen (p=0.020) and time of euthanasia (p=0.002) were evaluated. However, the extraction procedure did not significantly affect the percentage of bone tissue (p=0.598). Conclusions: The bone loss resulting from periodontal disease is increased by estrogen deficiency and varies according to the time course of periodontitis. In contrast, masticatory force does not seem to interfere in bone loss derived from periodontal disease.
Introduction
Osteoporosis is a progressive systemic disease that reduces, per unit volume, typically mineralized bone and degrades its microstructure. These factors increase significantly the bone fragility, leading to increased susceptibility to fractures [1] [2] [3] . The disease is a public health problem because fractures lead to high costs for the healthcare service due to hospitalizations and associated drugs 2, [4] [5] . Osteoporosis and periodontal disease have several common risk factors 6 , including environmental, genetic, dietary and systemic factors 7 . Examples of this are higher prevalence with advancing age 8 , negative impacts of smoking on the development and severity of the disease [8] [9] and deterioration of tissue repair as a result of the disease. In the same way as osteoporosis, periodontal diseases are silent diseases that cause no obvious symptoms until the advanced stages of the disease process, which eventually causes tooth loss 8 . Host systemic conditions can determine higher or lower risk of developing periodontitis. These conditions, whether acquired, congenital or hereditary, can modulate the inflammatory response and promote greater individual susceptibility to periodontal disease [9] [10] . One systemic condition that is considered a risk factor for periodontal disease is osteoporosis. The disease usually affects postmenopausal women and may lead to decreased bone mineral density throughout the organism, including promoting alveolar bone loss in the jaw [11] [12] [13] [14] [15] . Several authors have suggested that estrogen deficiency causes changes in alveolar bone that may result in the aggravation of a preexisting periodontal disease 1, 8, 12, 14 . According to Gomes-Filho et al. 16 , postmenopausal women with osteoporosis show a 2.5-fold higher risk of developing periodontal disease than women without osteoporosis. A study conducted by Al Habashneh et al. 17 showed that osteoporosis is signiûcantly combined with severe alveolar crestal bone loss and prevalence of periodontitis cases in postmenopausal Jordanian women. However, according to Moriya et al. 18 , osteoporosis alone does not promote significant periodontal destruction and thus may not be a major factor in periodontal disease.
According to Patullo et al. 19 , masticatory hypofunction is a major factor in the induction of mandible bone loss and cause harmful effects on bone quality. Elovic et al. 20 reported that the extraction of maxillary molars promotes a faster deterioration of the structural properties, more rapid decrease in bone mineral density and an important decrease in bone area fraction of the mandible in ovariectomized rats compared with sham ovariectomized rats. Ejiri et al. 21 observed that occlusal hypofunction can greatly accelerate the fragility of the bone structure in the alveolar bone around extruded teeth. On the other hand, a study by Crespo Vázquez et al. 22 concluded that the presence of antagonist forces aggravates resorption of the roots in patients with periodontal disease.
Ligature is a great resource to induce periodontal disease in rats, independent of the accompanying diet, as well as to provide material for evaluating the histological characteristics of induced periodontal disease 23 . The ligature acts as a subgingival plaque increasing the number of bacteria and induces mechanical trauma in the dentogingival region, leading to diminished tissue integrity, which causes a destructive local inflammatory response in the periodontal region. This inflammatory response leads to apical migration of the junctional epithelium, loosening of periodontal fibers and alveolar bone resorption [24] [25] [26] [27] . The anatomy of the dentogingival junction of rat molars is very similar to that in humans, validating experimental studies of inflammatory periodontal disease in this animal model 28 . The purpose of this study was to evaluate the influence of ovariectomy combined with lack of masticatory force in the evolution of periodontal disease induced in rats.
Material and methods

Protocol
Three-month-old female rats (Rattus norvegicus var. Albinus, Wistar) (n=80), weighing approximately 300 g, provided by the Animal Center of the School of Dentistry of São José dos Campos, Universidade Estadual Paulista (UNESP) were used. This research protocol was approved by the institutional committee for animal experiments (protocol number 01/2008-PA/CEP). The rats were placed in appropriate cages, and were provided distilled water ad libitum and standard diet. The amount of feed consumed per day was previously determined, based on the mean daily consumption of the rats, to prevent excessive increase in weight (22 g/day).
To simulate an estrogen depression, 40 rats were bilaterally ovariectomized (OVZ) and the other 40 were submitted to sham ovariectomy, to produce surgical stress (SHAM -control group). For this and other procedures the rats were anesthetized via intramuscular injection with 13 mg/kg of 2-(2,6-xylidine)-5,6-dihydro-4H-1,3-thiazine hydrochloride (Rompun; Bayer, Porto Alegre, RS, Brazil), an analgesic, sedative and muscle relaxant, and general anesthetic consisting of 38.5 mg/kg of ketamine (Dopalen; Agribands do Brasil Ltda, Paulinia, SP, Brazil).
Sixty days after ovariectomy or sham ovariectomy, a ligature was placed around the left mandibular first molar to induce periodontal disease. The ligature was maintained up to euthanasia in each group. On the same day that periodontal disease was induced, the maxillary left first molars were extracted from half the rats of the OVZ and SHAM groups. Thus 4 groups (n=20) were established: SHAM 1, surgical stress and periodontal disease; SHAM 2, surgical stress, periodontal disease and antagonist tooth extraction; OVZ 1, ovariectomy and periodontal disease; and OVZ 2, ovariectomy, periodontal disease and antagonist tooth extraction.
At 3, 7, 14 and 30 days after periodontal disease induction, five rats per group were randomly euthanized for each experimental period. To achieve this, the rats were anesthetized and cardiac perfusion was performed using 4% formalin. The mandible was removed, followed by removal of any excess of soft tissue, and the bone was fixed in 10% formaldehyde solution.
Histological and histomorphometric analysis
Hemisection of the mandible was performed and the left side was immersed in 10% EDTA solution for demineralization. The specimens were routinely processed for paraffin embedding. Serial sections (5 µm) were obtained from the furcation area of the first molar, stained with hematoxylin and eosin (HE) for analysis under light microscopy and then photographed for histomorphometric analysis.
Histological analysis of the furcation area of the left mandibular first molar was performed to verify specific bone tissue features, including osteoblast and osteoclast density, inflammatory infiltration and other signs of periodontal disease.
Histomorphometric measurement was performed to calculate the amount of bone matrix in the furcation area of the left mandibular first molar. This procedure was carried out at x200 magnification using a grid that divided the field into 100 equal parts. The grid was placed over the digitalized image of the histological field. The total number of intersection points between the reticule lines over the bone matrix was counted. The Image J software (NIH, Version Windows 1.4, USA) was used for this procedure. The number of intersections counted
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Statistics analysis
The results of the histomorphometric analysis were expressed as mean values (± standard deviation). Comparisons among the groups were performed by threeway analysis of variance (ANOVA). The variables considered were presence or absence of estrogen, time of euthanasia and extraction procedure. Post hoc Tukey significant difference analysis was used to determine significant differences among the groups (95% confidence interval). Values of p < 0.05 were considered statistically significant.
Results
The success of ovariectomy was confirmed at necropsy by failure to detect ovarian tissue and by observation of marked atrophy of the uterine horns in the OVZ group.
Histology of the furcation area
Few differences were observed in the histological features between the OVZ and SHAM groups (presence or absence of estrogen) and the subgroups submitted or not to maxillary left first molar extraction (Figure 1 ). The most relevant difference was observed between the periods of euthanasia (3, 7, 14 and 30 days).
For the post-periodontal disease induction period of 3 days, immature bone trabeculae with numerous osteoclasts were in contact with resorption lacunae in the periphery. The ligament attachment region showed slight inflammatory infiltration by mononuclear cells. By day 7, a moderate mononuclear and polymorphonuclear inflammatory infiltrate was observed around the furcation area. In some specimens, migration of junctional epithelium was observed in this region, together with islands of remaining odontogenic epithelium. On days 3 and 7, bone trabeculae from the OVZ group were thinner than those of the SHAM group. At 14 days, the bone septum of the furcation area of both groups was formed by thinner trabeculae, with smaller quantities of osteoclasts than in the previous periods. In several specimens from this period, it was observed the presence of junctional epithelium that migrated to the furcation area (Figure 2) , with underlying moderate mononuclear inflammatory infiltrate. At 30 days, the bone septum of the furcation area was more compact, presenting fewer osteoclasts and less inflammatory infiltrate compared with earlier periods. 
Histomorphometry of the furcation area
The results presented (Figures 3, 4) show the amount of bone present in the region of the furcation. The groups with a lower percentage of remaining bone matrix were those that displayed the greatest amount of bone resorption.
Analysis of the ANOVA test demonstrated statistically significant differences in the percentage of bone tissue when the variables presence or absence of estrogen and time of euthanasia were evaluated, p=0.020 and p=0.002, respectively. Post hoc Tukey significant difference analysis was used to determine significant differences among these variables (Figure 3) . Concerning the extraction procedure, the ANOVA test demonstrated no statistically significant differences (p=0.598).
When the association between the variables presence or absence of estrogen and time of euthanasia was analyzed, no statistically significant differences between the mean percentage of bone (p=0.422) was observed. In contrast, when the association between time of euthanasia and the extraction procedure was analyzed, a statistically significant difference (p=0.001) was observed. On day 30 and day 7 post periodontal disease induction, the groups that were submitted to antagonist tooth extraction exhibited the highest and lowest quantities of bone tissue, respectively (Figure 4 A) .
The association between the variables presence or absence of estrogen and extraction procedure showed a significant influence on the percentage of bone tissue (p=0.003). However, the post hoc Tukey significant difference analysis indicated that the two groups that showed significant differences between them were SHAM and OVZ without extraction (SHAM 1 and OVZ 1) (Fig. 4 B) .
The association among all three variables (presence or absence of estrogen, extraction procedure and time of euthanasia) showed no statistically significant difference (p =0.083).
Discussion
In this study it was evaluated bone loss in furcation of rat teeth with induced periodontal disease under the influence of masticatory force and estrogen. Analysis of the results revealed that the absence of estrogen and the time course of periodontal disease are important factors for bone tissue resorption. However, masticatory force becomes relevant when combined with the time course of periodontal disease.
A well-established model for periodontal disease induction in rats was used, characterized by ligature placement around the cervical region of the mandibular first molar 29 . Plaque retention and trauma lead to a harmful inflammatory response that promotes greater susceptibility to periodontal disease [24] [25] [26] [27] . Based on the results obtained in this study, it was possible to verify that the presence of estrogen was a determining factor in the maintenance of bone tissue in teeth with periodontal disease. This is in agreement with previous studies indicating that osteoporosis, influenced by estrogen deficiency, is a recognized risk factor and may promote alveolar bone loss [12] [13] [14] [15] . A number of authors proposed that osteoporosis alone does not cause mandibular alveolar bone loss, stating that its combination with other osteopenic factors is required to induce significant bone loss [18] [19] . Patullo et al. 19 observed that the most important factor for bone loss is mandibular masticatory hypofunction, which causes harmful effects on bone quality in rats. Elovic et al. 20 observed that the extraction of molars from ovariectomized rats resulted in faster deterioration in the structural properties and greater reduction in area fraction of the jaw bone, compared with sham-operated rats. In the present study, when the combination between the variables presence or absence of estrogen and antagonist molar tooth extraction was analyzed, no significant increase in bone loss occurred in the furcation area. Greater bone loss was only observed in ovariectomized rats not submitted to antagonist molar tooth extraction compared with sham rats in the same conditions. It should be emphasized that the observed loss occurred specifically in alveolar bone with periodontal disease. Thus, the present results showed that the extraction procedure did not alter the quantity of bone in the furcation region in rats with periodontal disease, while estrogen deficiency is a major predisposing factor for bone loss.
In addition to the hormonal factor, alveolar bone resorption in the region of periodontal disease is also affected by time 10, 30 . However, the period of greatest bone resorption following the induction of periodontal disease is controversial. In a study involving rats, Rodini et al. 11 observed greater bone resorption from 3 to 7 days and resorption diminished from day 14 onward. Kuhr et al. 30 observed higher bone resorption from days 1 to 15 and a decrease in bone loss from 30 to 60 days following periodontal disease induction.
In this study, 4 euthanasia times were investigated (3, 7, 14 and 30 days). The obtained results confirm the hypothesis that bone resorption is influenced by time, since the greatest resorption resulting from periodontal disease in ovariectomized rats, with or without masticatory force, generally occurred within the first 7 days. From day 14 onward, began a minor bone formation that became better defined by day 30. These results are in agreement with those of previous studies 11,30. In conclusion, bone loss resulting from periodontal disease is increased by estrogen deficiency and varies according to the time course of periodontitis. In contrast, masticatory force does not seem to interfere in bone loss derived from periodontal disease. Further research is required to establish whether the reduction of masticatory force really does not interfere with bone loss resulting from periodontal disease in patients with and without osteoporosis.
